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http://dx.doi.org/10.1016/j.jfma.201Rhabdophis tigrinus is a common colubrid snake that can be found in an extensive geographical
region in East Asia. It consists of two subspecies: R.t. tigrinus (yamakagashi) and R.t. formo-
sanus (Taiwan tiger keelback). R. tigrinus possesses two different sets of poisonous glands: the
Duvernoy’s glands in the maxilla, and the nuchal glands in the dorsal skin of the neck. We
report the first case in current English literature of toxin ophthalmia caused by the nuchal
gland secretion of R.t. formosanus. The patient was a 40-year-old man whose right eye was
sprayed by the nuchal gland fluid of R.t. formosanus. He presented with symptoms of foreign
body sensation, progressive burning pain, and blurred vision. Ophthalmologic examination re-
vealed diffuse superficial punctate keratitis, corneal stromal edema with Descemet folds, and
conjunctival congestion. The patient responded well to topical treatment with a corticoste-
roid, antihistamine, and antibiotic, and had a favorable clinical course and outcome.
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Toxin ophthalmia caused the by Rhabdophis tigrinus formosanus 751IntroductionFigure 1 Corneal stromal edema of the patient’s right eye.Venoms and toxins are secretions produced by specialized
glands, with the difference that toxins are usually ingested,
while venoms are delivered through specific envenoming
systems.1 The Asian colubrid snake Rhabdophis tigrinus is
known to contain both venom and toxin, with venom
produced by the Duvernoy’s gland, and toxin produced from
toad toxins sequestered in its nuchal glands.2,3R. tigrinus,
commonly known as the tiger keelback, is a rear-fanged
colubrid snake that can be found in a wide geographical
region that includes southeastern Russia, northern and
eastern China, Korea, Japan, Taiwan, and Vietnam.
Recent taxonomic studies of R. tigrinus on genetic,
morphologic, and karyologic differences have identified
two subspecies: R t. tigrinus (Boie, 1826) and R.t. for-
mosanus (Maki, 1931).4,5 The nuchal gland secretion of R.t.
tigrinus has been reported to cause ophthalmia when
sprayed into the eyes of humans in Japan.6e8 No similar
case had been documented for R.t. formosanus. Here we
present the first case report of ophthalmia caused by the
nuchal gland secretion of the R.t. formosanus.
Case report
A 40-year-old male patient presented to the emergency
department (ED) approximately 10 hours after being
sprayed in the right eye by the nuchal gland secretion of
a snake that was later identified as R.t. formosanus. The
patient worked and lived at a high mountain farm in central
Taiwan. He saw the culprit snake at his house and tried to
catch it with his bare hands. When his right hand was in
close proximity to the snake, the patient noticed fluid
spraying out from the snake’s neck and subsequently felt
the fluid in his right eye. He managed to catch the snake
and put it in a canvas bag to bring to the hospital. In spite of
immediate profuse irrigation with tap water, the patient
still suffered foreign body sensation, progressive burning
pain, and blurred vision of the right eye.
Initially the patient was sent to a community hospital,
where his vital signs were found to be stable. No antivenom
was administered since the patient did not suffer bite
envenoming, and there was no sign of systemic enveno-
mation. Subsequently, the patient was transferred to our
hospital for further evaluation and monitoring.
The patient’s vital signs on presentation to the ED were
stable, with blood pressure 137/94 mmHg, pulse rate 62
beats/minute, respiratory rate 18 breaths/minute, and
temperature 36.3C. On physical examination, he was
alert, awake, and oriented. The patient reported mild pain
and persistent blurred vision in the right eye.There was no
apparent hyperemia or swelling in the eyelids or face.
Ophthalmology was consulted, and the exam showed the
patient’s right eye with diffuse superficial punctate kera-
titis, corneal stromal edema with Descemet folds, and
conjunctival congestion (Fig. 1). Slit-lamp microscopy
revealed that the entire corneal stroma was edematous,
and there was diffuse punctate staining with fluorescein.
Due to opaque cornea media, anterior chamber reaction
was difficult to evaluate in detail. Neither cells nor flare in
the anterior chamber was detected by the initial slit-lampmicroscopy examination.Visual acuity of the right eye was
2/20 uncorrected, and the left eye was normal, with visual
acuity of 20/20.
Emergent management in the ED included urgent
decontamination by copious irrigation, topical anesthesia,
and application of prophylactic topical antibiotics and
antihistamines, includinggentamicin ophthalmic ointment
and chlorphenamine maleate eye solution.
The snake brought in by the patient measured 86 cm in
length. Digital photos of the snake were taken and sent
electronically to a herpetologist, who identified the snake
as an adult R.t. formosanus. Admission to the hospital was
recommended since this was the first known case of eye
injury caused by the nuchal gland secretion of R.t. for-
mosanus, and further clinical observation was warranted to
monitor the patient’s progression. However, the patient
felt better after receiving the topical ophthalmic medica-
tions. He decided to leave against medical advice after a
3-hour stay in the ED.
The patient was instructed on the use of ophthalmic
medications (gentamicin ointment, chlorphenamine mal-
eate solution, and fluorometholone suspension). The
patient could not return for medical follow-up because he
lived in a remote mountain area. Telephone follow-up with
the patient revealed that with the regular use of prescribed
eye medications, the patient’s eye pain was much improved
by the second day after discharge from the ED. The patient
felt that his eyesight had returned to his normal baseline
five days after the injury.Discussion
Rhabdophis tigrinus (tiger keelback) is a widespread
species in eastern Asia. Current taxonomic classification
includes two subspecies: R.t. formosanus (Taiwan tiger
keelback) found in Taiwan, and R.t. tigrinus (yamakagashi)
in other regions of East Asia.4,5 R.t. formosanus is
a medium-size snake, measuring 50e115 cm in length, and
it inhabits mountains with altitude ranges of 1500e3000 m.
Morphologically, R.t. formosanus features a checkered
pattern of yellow, orange, and black patches over the
upper body, and a prominent, yellow, c-shaped transverse
752 Y.-C. Chen et al.band across the nape flanked by black transverse bands
anteriorly and posteriorly (Fig. 2).
Both R.t. tigrinus and R.t. formosanus have been
documented to possess a series of paired sac-like nuchal
glands that extend caudally behind the head.3,9,10 The
nuchal glands of R.t. tigrinus have been found to contain
digitalis-like compounds known as bufadienolides.3 The
nuchal glands are associated with specific antipredatory
behaviors. When threatened, the tiger keelback arches or
flattens its neck and directs the two parasagittal rows of
nuchal glands toward the aggressor.11 The antipredatory
hypothesis is that when pressure is applied to the nuchal
area, whether internally by the snake’s muscles or exter-
nally by the squeeze or bite of an attacker, the thin skin
overlaying the nuchal glands can rupture and release the
enclosed bufadienolides to ward off the attacker.11 The
nuchal gland fluid of R.t. tigrinus has been reported to
spray over a distance of more than one meter.6 This is
compatible with our patient’s case, in which his right eye
was sprayed by the nuchal gland fluid at a distance equal to
the length of his right arm.
The nuchal gland fluid of R.t. tigrinus not only irritates
mucous membranes, it also causes transient corneal
injuries and pupillary miosis in the eyes of rabbits and
dogs.9,12 Furthermore, in animal studies, similar ocular
changes were induced by the bufadienolides isolated from
the nuchal gland secretion of R.t. tigrinus, indicating that
the bufadienolides are the main cause of eye injuries
inflicted by the nuchal gland secretion of R.t. tigrinus.13
Several studies suggested that R.t. tigrinus snakes do
not synthesize de novo the bufadienolides in its nuchal
glands.3 Instead, it consumes toads (Bufonidae) and
sequesters the bufadienolides from toads in its nuchal
glands.3 R.t. formosanus snakes in Taiwan favor the Banko
toad (Bufo bankorensis) as their diet.14 The skin of Banko
toads also has been documented to contain bufadieno-
lides.15,16 Similar to R.t. tigrinus, the nuchal glands of R.t.
formosanus contain bufadienolides.
Case reports of toxin ophthalmia inflicted by the nuchal
gland secretion of R.t. tigrinus have been published in
Japan.6e8 Our case is the first report of toxin ophthalmia
caused by nuchal gland secretion of the subspecies R.t.
formosanus. None of the victims with toxin ophthalmia
from both subspecies showed systemic envenoming, whichFigure 2 Taiwan tiger keelback (Rhabdophis tigrinus for-
mosanus), about 80 cm in length, in the Big Snow Mountain
National Forest Recreation Area (photo courtesy of C.W. You).is similar to cases of venom ophthalmia caused by spitting
elapids and crotalines.17 On ophthalmologic examination,
victims of the nuchal gland secretion of R.t. tigrinus often
revealed conjunctivitis, keratitis, corneal clouding, and
Descemet folds, with generally an uncomplicated, short
clinical course and good prognosis.6e8 A similar clinical
course and favorable outcome were also observed in our
patient. The bufadienolides in the nuchal gland secretion of
R.t. tigrinus have been suggested as the crucial compo-
nents in causing human ophthalmia.6e8
Accidental contact of toad toxin in the eyes of humans
has been reported to cause human toxin ophthalmia,
including acute burning pain, chemosis, conjunctival
congestion, superficial punctuate keratopathy, and corneal
stromal edema with Descemet folds. The clinical course of
toad toxin ophthalmia was also self-limited.18,19 Moreover,
the digitalis-like effects of bufadienolides in toad toxin
have been proposed to account for the corneal swelling in
toad toxin ophthalmia.18,19 From the toxinologic perspec-
tive, the close resemblance in clinical manifestation and
course between the tiger keelback ophthalmia and toad
toxin ophthalmia implies that bufadienolides may play
a common pivotal role in both scenarios.
Bufadienolides identified in toad poison and sequestered
in the nuchal glands of the tiger keelback belong to the
digitalis-like compounds (DLCs) that are a family of steroid
hormones.20 Cardenolides, such as ouabain and digoxin,
originally from plants, also are in this family.20 DLCs share
a common steroid nucleus structure and exhibit digitalis-
like effects that include inhibition of the cell surface
enzyme sodium-potassium adenosine triphosphatase (Naþ/
Kþ ATPase).20 Normally, the active transport system of the
corneal endothelium is driven by the Naþ/Kþ ATPase pump
to maintain corneal transparency and aqueous humor
secretion.21
In animal models, ouabain has been documented to
cause corneal swelling via its digitalis-like effects of
blocking the Naþ/Kþ ATPase in the corneal endothelium.
The corneal swelling tends to decrease and to recover to
normal thickness over time after short exposure to
ouabain.21
Similarly in humans, topical application of digoxin to
normal eyes has been shown to induce swelling of endo-
thelial cells and corneal stromal edema.22 The bufadieno-
lides are lipophilic and can infiltrate the human corneal
layers.19 Inhibition of the Naþ/Kþ ATPase pump by bufa-
dienolides can affect proper functioning of the corneal
endothelium, resulting in corneal stromal edema and
Descemet folds, like those observed in cases of tiger keel-
back and toad toxin ophthalmia.
The bufadienolides isolated from the nuchal gland
secretion of R.t. tigrinus can cause fibrinous iritis, acute
conjunctivitis, and punctate keratitis in rabbits’ eyes.13
The bufadienolides have been shown in vitro to cause
significant cytotoxic activities against human cells,23,24
accounting for conjunctivitis, keratitis, and acute pain in
human eyes. Moreover, direct topical application of digoxin
to normal human eyes has been found to induce toxic
keratopathy, edema of the epithelium, and corneal stromal
edema.22
Similar to the ouabain study, the digoxin-inflicted
ophthalmic changes resolved after withdrawal of the
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cytotoxic effects and inhibition of Naþ/Kþ ATPase are
temporary and reversible over time. This phenomenon can
explain the favorable clinical course of toxin ophthalmia
caused by tiger keelbacks with nuchal gland bufadienolides.
In the case of our patient, emergentmanagement of toxin
ophthalmia included a prompt ophthalmology consult,
urgent decontamination by copious irrigation, topical anes-
thesia, exclusion of corneal defects by fluorescein staining
with slit-lamp examination, and application of prophylactic
topical antibiotics and antihistamines.Topical antihistamine
and corticosteroids were given for amelioration of symp-
toms. Although topical corticosteroid use is controversial in
other more severe forms of venom ophthalmia by spitting
elapids,17 in our case, the patient received a short-term
topical steroid drop for alleviation of his eye pain without
any adverse sequelae. Spraying ophthalmia from snake
venoms has not been associated with the development of
systemic envenoming in human cases.19 No antivenom was
given to the patient in our case. Understanding the prognosis
and treatment is not only important for indigenous people,
but it is also significant due to the increasing market for and
collection of exotic snakes, including the tiger keelbacks, in
Western countries.25
In conclusion, the cytotoxic effects and reversible inhi-
bition of Naþ/Kþ ATPase exerted by bufadienolides on the
ophthalmic tissues can help to elucidate the pathophysi-
ology underlying the ophthalmic manifestation, uncompli-
cated clinical course, and favorable outcome observed in
the toxin ophthalmia by the nuchal gland secretion of tiger
keelbacks. Using animal models, further toxinologic
research of the various components in the nuchal gland
secretion of tiger keelbacks and their effects on ophthalmic
tissues can support and clarify our current knowledge on
the mechanism of ocular toxicity caused by the nuchal
gland secretion of tiger keelbacks.
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